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of the inner/outer involucral bracts ratio for dis­
criminating the two types. He reported that on 
Mt. Tateyama and the neighboring mountains 
one type grew at lower altitudes and the other 
type at higher altitudes. In addition, he stated 
that intermediate forms between the two types 
were found at about 1,500-1,700 m above sea 
level, where the montane zone bordered on the 
subalpine zone. Consequently, Hayashi con­
eluded that two intraspecific taxa could be recog­
nized, one type corresponding to subsp. asiatica 
and the other to subsp. l eiocarpa. Nishizawa et 
al. (1997) collected sample plants every 100 m 
in altitude on Mt. Hakusan, from 1,200 to 2,500 
m. They reported morphological changes in sev­
eral head characters at about 1,700 or 1,800 m
in altitude where the subalpine zone replaces 
the montane zone. Natori (1964) studied S. vir­
gaurea growing on Mt. Yatsugatake from an eco­
logical point of view. He showed that the dry
weight of the aerial parts and that of the under­
ground parts showed a diphase in an allometric
relationship ; plants growing at lower sites fall
into one allometric growth pattern and those at 
higher sites fall into another one. 
No evidence for intraspecific differentiation, 
however, has been found in studies based on cy­
tological or molecular methods. Abe and Takasu 
(1983) collected plants from 13 populations, an 
elevational range from 2 m to 2,310 m in 
Toyama Prefecture, and reported that all of the 
samples examined had the same chromosome 
number, 2n=18, and the same karyotype. Naka­
mura et al. (1997) studied the cytological and ge­
netic polymorphism of plants collected at eight 
sites, from 1,260 m to 2,670 m, on Mt. Hakusan. 
The chromosome number and the karyotype 
were the same for all of the plants examined. 
They also found no chromosomal or genetic poly­
morphism based neither on a fluorescence in 
situ_hybridization method nor on other methods, 
RAPD, concluding that no differentiation among 
the sites on Mt. Hakusan could be supported. 
As mentioned above, the methods and morpho­
logical characters examined in the former stud­
ies were diverse. Lack of the common characters 
examined makes it hardly possible to compare 
the results among the study sites and to obtain 
an overall morphological variation pattern of S. 
virgaurea species. Thus, the aim of this paper is 
(i) to describe the full extent of morphological 
variability of head characters in S. virgaurea 
plants growing on Mt. Hakusan, Mt. Nori­
kuradake and Mt. Yatsugatake, and (ii) to exam­
ine whether any boundaries can be found be­
tween plants growing at lower altitudes and
those at higher altitudes as has been stated (Na­
tori 1964; Hayashi 1976, 1978).
Materials and methods 
Solidago virgaurea grows widely and continu­
ously from the foot to the summit on Mt. 
Hakusan, Mt. Norikuradake and Mt. Yatsuga­
take. The locations of the three mountains are 
shown in Fig. 1. Mt. Hakusan and Mt. Nori­
kuradake belong to the same climatic region 
characterized by heavy snowfall in winter, 
whereas Mt. Yatsugatake belongs to another cli­
matic region characterized by low snowfall in 
winter (Miyawaki 1985). 
Sample collections were carried out in the 
flowering seasons, from late August to mid­
October, 1997. Sampling was undertaken every 
100 meters in altitude along mountain trails. 
Sample plants were collected at 16 sites on Mt. 
Hakusan from Bettodeai (1,200 m) to the top of 
Ohnanjimine (2,684 m), 11 sites on Mt. Nori­
kuradake from Norikurakogen (1,700 m) to the 
top of Kengamine (3,026 m), and 12 sites on Mt. 
Yatsugatake from Minoto (1,350 m) to the top of 
Amidadake (2,805 m). 
Ten plants were randomly chosen at each site 
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Fig. 1. Locations of Mt. Hakusan, Mt. Norikuradake 
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Fig. 3. Multiple comparison by Tukey method. Vertical bars represent the range of means that are not signifi­
cantly different. *, p < 0.001; **, p < 0.0001; NS, not significant. 
Table 2. Coefficients of the variable in the principal 
components in Solidago virgaurea. The first, sec­
ond and third principal components account for 
66.4, 12.7 and 8.3% of the total variation, respec­
tively. Boldface numbers show higher values in the 


























































PCA was applied to the data set. The eigen­
vector of the first three principal components, 
each element of which represents a coefficient of 
the variable in the principal components, are 
shown in Table 2. Of those variables, LOI, DIN, 
NTF and WOI have a high absolute value in the 
first component, indicating that these variables 
have more intensive effects on the component 
score. The first principal component accounts for 
66.4% of the total variation, the second for 12.7%, 
and the third for 8.3%. Therefore, about 80% of 
the total variation is due to the first two princi­
pal components. A plot of principal component 
scores of morphological variables is shown in Fig. 
4. This ordination shows that the first principal 
component axis can separate two clusters, while 
the second axis cannot. 
One cluster spreads in the positive quadrants 
of the first axis and the other cluster occupies 
the negative quadrants. On Mt. Hakusan plants 
growing at sites from 1,200 m to 1,800 m in alti­
tude form one cluster and those from 1,900 m to 
2,700 m form the other cluster. Similarly, plants 
from 1,700 m to 1,900 m form one cluster and 




































































ter alone is not useful for discriminating the two 
clusters (=taxa) recognized by PCA. PCA shows 
that LOI, DIN, NTF and WOI have a higher ab­
solute value of coefficient in the first component 
(Table 2), indicating that these variables have 
larger influences on the component score. Of 
these characters, LOI, which has been used as a 
key character in the classification of this species 
(Kitamura 1937, 1957), also has the highest 
value in this study. Thus, in our results LOI is 
also considered the most important one as a di­
agnostic character. LOI alone can discriminate 
the given two clusters on Mt. Norikuradake, 
while it cannot on Mt. Hakusan and Mt. Yatsu­
gatake (Fig. 5 a). This is true of DIN, NTF and 
WOI (Figs. 5 b, c, d). 
These results indicate that even if the two 
taxa exist in S. virgaurea growing on Mt. 
Hakusan and Mt. Yatsugatake, we cannot tell 
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Fig. 5. Changes in means (solid circle) with standard deviations (solid line) against altitude : (a) length of outer 
involucral bract, (b) diameter of involucre, (c) no. of tubular flower, (d) width of outer involucral bract, and 
(e) ratio of inner/outer involucral bract. H, Mt. Hakusan; N, Mt. Norikuradake; Y, Mt. Yatsugatake. Broken







































































































































































































December 2001 J. Phytogeogr. Taxon. Vol. 49. No. 2 
て標高100mごとに行ない ， 1地点あたり10個体
を無作為に採取した。 採取場所は白山 16 ヶ所， 乗
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December 2001 J. Phytogeogr. Taxon. Vol. 49. No. 2 
WII (mm) WOI (mm) All (mmり AOI (mmり NTF NLF PLH (cm) DIS (mm) 
0.86士0.09 1.02士0.16 3.74土0.32 3.46士0.44 23.47±3.53 8.67士1.51 19.6士 2.37 3.08士0.33
0.89士0.12 1.12 士0.10 4.18士0.54 3.16土0.52 24.17士4.18 10.47士1.30 22.4± 5.25 3.05士0.71
0.88士0.17 1.04士0.19 3.73士0.60 2.59士0.50 19.58士 4.10 8.37士1.13 27.8士 5.49 3.16士0.65
0.87士0.12 1.20士0.13 3.57士0.72 3.34士0.67 19.27士1.40 7.83士1.10 25.4士 5.91 2.94土0.59
0.83士0.11 1.02士0.13 3.46士0.47 2.34土0.44 20.33士3.58 8.60±1.22 24.7士 4.92 2.84士0.36
0.84士0.11 1.18士0.13 3.83士0.35 3.21土0.65 17.83土3.95 8.33士1.71 36.0土 3.86 3.45士0.56
0.84士0.13 0.99士0.15 3.72土1.40 2.33土0.46 14.90士1.84 7.40士1.49 33.1士 7.28 3.02 士0.52
0.86士0.06 1.13士0.13 3.55土0.39 2.52士0.58 17.33士4.46 9.33士1.44 43.7士 5.54 3.22士0.37
0.86士0.08 1.01士0.11 3.08士0.28 2.13土0.52 16.37士3.23 8.17士1.69 41.3士 6.55 3.18土0.47
0.74士0.06 0.88士0.07 2.31士0.36 1.43士0.33 14.67士3.12 6.83士1.60 37.2士11.28 2.72士0.60
0.69土0.17 0.76土0.17 2.74士0.68 1.09士0.43 9.43±3.04 5.93±0.98 35.2士 8.97 2.18士0.46
0.75士0.12 0.71士0.12 2.63土0.34 0.95士0.29 7.27士1.36 5.63土0.91 36.6±8.95 2.15土0.44
0.66士0.09 0.68士0.12 2.54土0.37 0.88士0.20 6.63士1.16 5.73士1.04 41.3士 8.79 2.46士0.38
0.72士0.06 0.68士0.10 2.71士0.54 0.87士0.25 7.57士1.39 5.73士0.62 45.0士17.37 2.53士0.90
0.74士0.11 0.65士0.14 2.78士0.54 0.86士0.31 6.97士1.45 5.07士0.97 33.2士 7.18 2.53士0.59
0.72 士0.07 0.66士0.11 2.80士0.39 0.94士0.30 7.00士1.87 5.23士1.07 37.7士 7.57 2.40士0.53
F1s.1«=5.02** F1s,144=2J.ol'* F1s.144=9.62** F1s.144=48, 如F1s,144=44.00'* Fis,!44=16.4戸F1s,144=9.23** F!3,126=5.54** 
1.04士0.08 1.51士0.12 4.80士0.74 5.35士0.95 21.03士5.19 5.63士1.79 16.5土 4.62 1.99士0.52
1.09土0.15 1.65士0.21 5.12土0.86 6.23士1.26 18.40士5.27 5.97士1.77 22.5士 4.99 2.49士0.50
1.00士0.13 1.38士0.15 4.40士0.68 4.29士0.99 21.27士3.88 7.07士2.16 23.2士 4.78 2.65士0.58
1.04士0.10 1.43士0.16 4.54土0.70 4.66士1.70 21.50士3.82 7.57士1.56 28.1士 4.20 2.62士0.94
0.91土0.14 1.19士0.16 4.10士0.92 3.09士1.04 18.17士 4.11 7.50士 1.00 37.6士 5.76 2.31士0.49
0.81士0.11 1.15士0.13 3.45士0.40 2.69士0.55 16.77士4.52 7.73士2.24 48.7士13.39 3.12士0.60
0.88士0.08 1.14士0.08 3.57士0.25 2.31士0.38 15.30士1.77 6.93士1.12 34.0士 5.37 2.33士0.54
0.88士0.07 1.23士0.15 3.94土0.68 2.87土0.73 16.57土2.97 6.60士0.75 46.8士 8.12 2.83士0.45
0.82±0.10 0.69士0.12 3.29士0.43 0.96士0.25 8.53士1.32 5.07士0.41 54.2士 9.46 2.53士0.31
0.73土0.11 0.81土0.16 3.99士0.58 3.41土1.15 8.20土1.48 4.97土0.78 42.0士 6.96 2.34土0.52
0.75±0.06 0.66士0.09 3.07土0.41 0.93士0.20 8.53士0.82 5.07士0.58 75.4士17.98 3.18±0.47 
F10,99=13.52** F10.99=51.74** F10,99=10.32** F10,99=31.80** F10,99=21.26** F10,99=5.64** F10,99=37.21 ** Fio,99=4.09** 
0.78士0.11 1.02士0.13 3.40士0.35 2.66士0.28 18.83士2.99 6.70士1.04 23.60士 6.92 2.02士0.21
0.80士0.16 0.99士0.23 3.69士0.85 2.42士0.80 15.43士3.34 6.50士1.28 31.80士 7.19 2.39士0.52
0.75士0.11 1.10士0.16 3.36土0.55 2.79士0.75 16.67士4.60 6.43土1.07 30.20士 6.83 1.90士0.38
0.73土0.11 0.97土0.15 3.20士0.51 2.43士0.96 16.23士 3.15 7.13士 3.00 29.80士 2.35 1.94士0.29
0.82士0.07 1.12土0.15 3.69士0.51 2.67士0.56 14.30士 3.80 6.73士1.00 30.90士 5.82 2.14土0.37
0.68士0.07 0.82土0.12 3.09士0.44 1.59士0.42 12.57士3.72 6.67±1.09 31.10士 8.12 2.04士0.40
0.69士0.12 0.88土0.17 3.18士0.62 1.77士0.52 11.73士2.13 6.67士0.97 27.40士 4.50 1.63士0.26
0.72 士0.10 0.75士0.09 2.89士0.37 1.15士0.19 9.27士1.80 5.43士0.90 33.20土 5.07 1.93土0.28
0.73士0.05 0.80士0.10 2.78±0.45 1.23士0.24 8.43士1.32 5.07士0.56 28.30士 5.46 1.58士0.19
0.76士0.13 0.69土0.10 3.20士0.54 1.09士0.19 9.07土1.04 5.37士0.95 41.20士10.85 2.48士0.52
0.75士0.17 0.70士0.19 2.85士0.36 1.17士0.22 8.03土1.06 4.90士0.65 41.40士 9.26 2.24士0.55
0.80士0.12 0.85士0.14 3.20士0.54 1.09士0.19 9.43士1.46 5.37土0.64 31.80士 6.39 1.79士0.31
F11.10s=l.45 F11,10s=9.96** F11,10s=3.18* F11,10s=l8. 炉F11.10s=17.7茫F11,10s=6.72** F11,10a=7.47** F11,1oa=5.81** 
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